The ERATO project wasat hree-year research project financed by the European Commission under the Fifth Framework INCO-MED Program (2003 -2006 . The acronym refers to the project title: Identification, Evaluation and Revivalofthe Acoustical Heritage of Ancient Theatres and Odea. The ancient Greek and Roman theatres are famous for their excellent acoustics. However, it is not generally well known that different kinds of theatres were built, for different purposes and with different acoustical conditions. The development of the Roman theatre types (theatre, odeon and amphitheatre)p articularly in the first Century BC is briefly outlined. One aim of the ERATO project has been to investigate the acoustics of the open air theatre and the odeon, using virtual reconstructions be means of computer models of the spaces, completed in accordance with available archaeological information. Musical instruments and short pieces of music have been reconstructed and recordings have been used for auralisation of some theatre scenarios. Ancient Greek and Roman theatres are often considered acoustically perfect. However, the semicircular shape of the audience area in theatres may cause acoustic problems, and there is also evidence that the ancient architects were aware of this. The Roman architect Vitruvius mentions in his famous books on architecture four different kinds of sound reflections in at heatre, one of them called 'circumsonant' which is probably the acoustical phenomenon that we today would name afocused echo. Computer simulations of some examples of ancient Greek and Roman theatres confirm that echo can occur at some places in the audience area. Apossible solution to these echo problems could be the introduction of sound absorption in the vertical, concave surfaces in away similar to that described by Vitruvius for the sounding vessels, i.e. in niches between the seats arranged in ahorizontal range halfway up (inthe diazoma). Thus it makes sense if the vessels were supposed to act as sound absorbing resonators, although the number of resonators is farfrom sufficient for having anyreal effect. The idea and principle of installing resonators in atheatre comes from Aristoxenus (4th century BC), who wasafamous Greek philosopher and scholar in music theory.Itisconcluded that the sounding vessels had no practical importance in the Roman theatres, and Vitruvius wasn ot up-to-date in his writing on theatre design, butrelied heavily on older,Greek references. PACS no. 43.55.Gx, 43.55.Ka
Introduction
It is impossible to discuss the acoustics of ancient theatres without ar eference to the Roman architect Vitruvius and his "Ten Books on Architecture" [1, 2] , probably dating from around ca. 30-27 BC. The fifth book is devoted to theatres and their acoustics and while alot of information has been provided that is important for our understanding of the acoustical design of the ancient masters, the book also contains detailed descriptions about more doubtful "sounding vessels" that have led to manyq uestions and speculations among modern acousticians. It is also important to note that only the older theatres of Greek or Roman type are dealt with, whereas Vitruvius givesnoadvice concerning the amphitheatre or odeon, which were both very
Theatres in the Roman Empire

Types of Roman theatres
2.1.1. Theatre The ancient Greek theatre had Archaic forerunners from the 5th century BC and developed as an architectural structure during the 4th century BC [3] . The theatres were spread overt he Greek cultural area during the following centuries. Theywere open-air performance spaces related to the religion (Dionysos)and designed for drama performance with emphasis on good speech intelligibility.T he theatre and particularly the skene building wasfurther developed and improvedinthe Hellenistic period, and from around the middle of the first Century BC continued by the Romans with further development including an enlarged skene building connected to acollonade behind the audience, together forming as emicircular building structure that could be covered with textile likes ails as asunshield (velum). Behind the skene building a portico (nearly square place surrounded with ac olonnade)w as often an integral part of the Roman theatre complex, as mentioned by Vitruvius [1, Book V. ix.1]. While Greek theatres were built into hillsides, the Roman theatres were generally built on flat ground with access for the audience via vormitoria (i.e. entrances for the audience from the outside through narrowpassages under the seats of the theatre).
Odeon
The odeon (gr. ωδεoν,l at. odeum)w as also originally a Greek building type used for song and music. It wasa roofed, columned hall, butt he columns disturbed sightlines, as the odeon of Pericles at Athens, built ca. 446-442 BC [4, p. 59] . From the first century BC the Romans developed the odeon into ar oofed theatre without columns and with the audience seated in as emicircular arrangement similar to that of the theatre [5] . It is characteristic for the odeon that the building has very thick walls that could carry the roof, and the shape is either rectangular or semicircular,the latter presenting aconsiderable challenge to structural engineering.
Amphitheatre
The amphitheatre is aspace connected to gladiatorial combats as an entertainment, which had its origin in Italy,possibly from the Etruscian or Samnite culture. Traditionally the fights took place in the Agora as mentioned by Vitruvius [1, Book V. i.1], butduring the first Century BC aspecificplace for the games wasdeveloped, first as awooden structure, and later as am asonry building [6] . The early versions were called Spectacula,aplace for watching, and later the name 'Amphitheatre' wasu sed. The main characteristics are the oval shaped 'Arena' in the middle and the audience seated on all sides around the arena. Likethe theatre it wasa no pen-air space with the possibility of a velum as asun shield. It seems that the amphitheatres suddenly appeared in Roman towns and cities, and according to Welch [6] the reason for that wasam ilitary crisis in 105 BC when it wasd ecided to use gladiators for training of newsoldiers in the efficient use of various weapons.
Thus, aconnection between gladiatorial combats and military training wasestablished [6, p. 79].
The development of theatredesign during the
first century BC As ab ackground for evaluation of theatre design as described in the fifth book of Vitruvius, it is useful to takea closer look at the development of theatre design in the first century BC.
In Rome it wasnot allowed to build permanent theatres for political reasons; instead smaller,t emporary theatres were built of wood. The first permanent masonry theatre in Rome wasbuilt 61-55 BC by Pompeyonhis private property and he claimed it to be atemple, not atheatre -hence the small Ve nus temple in the top rear of the audience area. It had room for about 17 000 people. The Marcellus theatre wasprobably the second permanent theatre in Rome, inaugurated in 13 or 11 BC, buti th ad already been used for afeast in 17 BC. It seated about 15 000 people. Athird theatre in Rome wasthe Balbus theatre, which might have been earlier than the Marcellus theatre, butlittle is known about this [6, p. 121] .
In Pompeii alot of building activity started after 80 BC, when it wasm ade ac olonyf or Sulla'sv eteran soldiers. Pompeii had already an older Hellenistic theatre from 3rd-2nd century BC, buti na ddition to this twoc ompletely newt ypes of Roman theatres were erected in Pompeii shortly after 80 BC: the odeon for song and music around 75 BC, and the amphitheatre for gladiatorial combats and entertainment with wild animals (lat. 'venatio') probably around 70 BC [4, p. 174, 177] . The odeon wasr elatively small and surrounded by thick walls to carry the roof covering both auditorium and stage. Both newbuildings were erected under the local reign of Quinctius Va lgus and Marcus Porcius, and both building types became very popular in the following centuries as as upplement to the theatre: the odeon in manyR oman cities all overt he empire and the amphitheatre only in the western part of the empire. The amphitheatre wasnever adopted by the Greek culture in the east. "While the Romans built amphitheatres side by side with the theatres, the Greeks built music halls or auditoria even in remote parts of the Greek world during the imperial period." [4, p. 222] In Rome the gladiatorial combats originally took place in the Forum (Agora)following ancient traditions in Italy [ 
Theatres in the city plan
The different purpose and use of the various theatres is reflected in the city plan. Av ery good example is Pompeii, where the theatre and the odeon are in the city centre near the temples and other public buildings, whereas the amphitheatre is located in ar emote corner near the city wall. ManyRoman towns were founded as colonies where army veterans could settle. This wasdone already by Sulla (Pompeii, 80 BC)and Julius Caesar (e.g. Corinth, 44 BC) and on agreater scale by Augustus. In all these cases the amphitheatre wasafundamental part of the city plan. Augusta Praetoria (Aosta)inNorthern Italy wasone of Augustus' first veteran colonies founded 24 BC, and both an odeon and an amphitheatre were among the public buildings, being important parts of the city plan, the whole city being surrounded by ah igh city wall [7] . Another example is Augusta Emerita (Mérida)i nSpain founded 25 BC as the capital of anew colony. Again the theatre and amphitheatre constituted afundamental part of the overall urban design. Already after ten years the theatre wasinaugurated and alittle later the amphitheatre, which wasfinished in 8BC.
Atypical city plan is also found in Ve rona with the famous amphitheatre (early 1st century AD)e rected in the outskirts of the ancient city,w hereas remains of an older theatre and aneighbouring odeon are found further east at the riverside, near the original city centre.
Vitruvius and his books on architecture
Marcus Vitruvius Pollio wasaR oman architect and engineer,k nown today as the author of "The ten books on architecture" [1, 2] . The exact years of his birth and death are unknown. However, he mentions in the preface of the books that he had served under Julius Caesar during wars. If he means the Gallic wars (58-51 BC), Vitruvius may have been born before or around 80 BC. He mentions that he served to supply and repair ballistae, scorpiones,a nd other artillery [1, Book I.preface.2] .
The dedication in the introduction to "Caesar Imperator", i.e. Octavian, suggests that the books were written before 27 BC, because from that year the emperor wasgiven the title "Augustus". This dating coincides with the great building program initiated by Octavian (Augustus)around 30 BC, including the establishing of manyc olonies and newtowns all overthe empire. So, presumably there was aneed for architectural guidelines in Latin, and Vitruvius wasgiven the task to write such guidelines, since existing guidelines were mostly in Greek language. Thus, Vitruvius draws extensively on older,mainly Greek, writings on architecture and building technology,n one of which exists today [ . This is the only building that we knowV itruvius had actually worked on. It is noted that the Book Vo nt heatre design provides details of the Roman and the Greek theatre. However, the latter were no longer being built, whereas the newR oman amphitheatre and the odeon had already become significant public buildings in the cities, particularly obvious in the newcities founded as ar esult of Augustus' great building program. But Vitruvius is silent about these buildings, probably because they were not included in the Greek treatises, that he wasr elying on, and apparently he had no experience of his own concerning theatre design.
The ERATO project
The ERATO project wasathree year project under the EU 5th The main objectivesofthis research were identification, virtual restoration and revivalo ft he acoustical heritage in afew,selected examples of the Roman theatre and the roofed odeon in a3Dvirtual environment. The amphitheatres with their clearly different purpose were not included in this project. The virtual restitution integrates the visual and acoustical simulations, and is based on the most recent results of research in archaeology,theatre history,clothing, theatre performance and early music.
The Project group had sevenpartners: The following summary will focus on the acoustical results. The acoustical simulations were made with the room acoustics software ODEON ver. 7.0, developed at the Technical University of Denmark.
The selected theatres and odea
Five spaces have been selected for virtual reconstruction in the ERATO project: three theatres, see Figure 1 , and two odea, see Figure 2 . Information about name, location and main dimensions are collected in Table I . In Aspendos the theatre is one of the best preserved examples of aRoman theatre, buti nt he nearby archaeological site the remains of an odeon are also found. In Jerash there are remains of twotheatres, the newly excavated North theatre, which wasprobably an odeon, and the larger South theatre, which wass elected for this project. The theatre in Syracuse has along history of evolution from Greek to Hellenistic and finally to aRoman style theatre, and it wasselected for that reason.
The odeon in Aosta wasparticularly interesting for this project because this is the only known example where some of the outer walls still exist in full height. The odeon in Aphrodisias wasselected because there wasv ery good and detailed information available from the archaeological excavations, and manyofthe interior details, likestatues and marble floor in the orchestra, still exist. However, Aphrodisias also has awell preserved large theatre.
Acoustical measurements were made in the theatres in Aspendos and the South theatre in Jerash. In the theatre of Syracuse and the twoodea the state of preservation wasnot sufficient to makeacoustical measurements meaningful.
Acoustical results from virtual reconstructions
The theatres in Aspendos, Jerash and Syracuse
These three theatres differ in shape and size as well as in the slope of the Cavea (the auditorium of the theatre). In Roman times the Syracuse theatre had acolonnade behind the last rows of the cavea liket he one found at the theatre in Aspendos. The Aspendos theatre had a Ve lum (sunscreen overthe audience area)made of wool likeasail and carried by poles or masts, the mounting system of which is still clearly visible. Probably the Jerash South theatre also had ac olonnade, butt here are no remains left from that and thus no colonnade wasincluded in the reconstruction of this theatre. However, it is very unlikely that the theatre should have been built without the colonnade; it is mentioned by Vitruvius as an important part of the Roman theatre, and it also had astructural function as support for the masts that should carry the Ve lum.
In Table II are shown the acoustical parameters for the three theatres in their different configurations.
The Table II shows that the difference in reverberation time between empty and full is about 0.3-0.4 sg enerally in all theatres, Jerash South having as lightly bigger difference. The reverberation time when fully occupied is around 1.6 sinthe Roman reconstructions with colonnade, butonly around 1.0 sinthe reconstruction of Jerash South theatre without colonnade.
The overall strength is the highest in Jerash and lowest in Syracuse, partly due to the different slopes and the great difference in cavea diameter,see Table I . In general the strength is very lowc ompared to am odern enclosed theatre. The sound field in an open-air theatre is approximately atwo-dimensional field, and for that reason the relation between strength and reverberation time is different from that normally found in closed spaces with at hreedimensional sound field.
The clarity is exceptionally high in all the theatres despite the levels of reverberation, and this is due to the lack of roof that makethe field more likeafree field than adiffuse field. As aconsequence of this, the STI values are also remarkably high in theory if we neglect the background noise.
Fort he Aspendos theatre in present state, the modern stage provides ad ecrease of reverberation time at midfrequencies, and in the case of the Roman reconstruction (with added velum and stage canopy) there is only minor difference in reverberation.
From Table II it is seen that in Jerash South theatre the reconstruction of mainly the Frons Scaenae (the richly decorated front of the skene building)results in an increase of the reverberation time of around 0.3 s. It is also seen that the Syracuse theatre in the Roman era had around 0.6 sl onger reverberation than in the present stage. This is mainly due to the Frons Scaenae,but also the colonnade provided some reverberation.
The odea in Aosta and Aphrodisias
These odea were closed spaces with wooden roof structures; theywere used for more intimate music and theatre plays, often only for an exclusive audience. Apart from the roof, theywere constructed of hard materials such as stone or marble. Theyare presumed to have had open windows to let in daylight and provide ventilation. The open windows and audience seated on the caveaw ould have provided the main acoustical absorption. From Table III one Table III . Calculated parameters in different configurations (empty and fully occupied)ofeach odeon. The parameter values are averaged overall source-receiverpositions and overmid-frequencies 500-1000 Hz in 1/1-octave bands. sees that these rooms would have been over-reverberant by present standards. The Aosta and Aphrodisias odea differ both in their volume and in their shape. The outer walls of the Aosta odeon followarectangular shape, whereas in Aphrodisias odeon the shape is semicircular following the seating area. The Aosta odeon had av olume that wasa lmost twice that of Aphrodisias odeon as reconstructed, mainly due to the difference in ceiling height.
By comparing the reverberation times of the twoo dea as reconstructed to Roman time it is seen, that the Aosta odeon had alonger reverberation time, mainly because of the greater volume.
The present ruins of the Aphrodisias odeon have too fewsurfaces to provide areverberant field for satisfactory acoustics as it is seen from the table. The Aosta odeon has not been modelled in its present state, since there is only one wall standing.
In the reconstructed models of the Roman era both odea are over-reverberant when theya re empty.T he Aphrodisias odeon has areverberation time T 30 when full, which is comparable to the optimum for modern concert halls of similar volume. The Aosta odeon seems to be overreverberant even when full.
The strength G of both odea is seen to have optimum values both when empty and full. The clarity C 80 of Aosta odeon is too low, mainly because of its high reverberation, whereas Aphrodisias has an adequate clarity.The STI values showthat the Aphrodisias odeon is satisfactory for speech when full, whereas the Aosta odeon is just bearable. It has to be mentioned that the background noise levelo ft he audience is not known and probably resulted in lower speech intelligibility.
Overall, the calculation results of the reconstructed model of Aphrodisias odeon have shown an excellent acoustic ambience comparable to modern halls. It must have been ah all that waso ptimal for music buta lso acceptable for plays and chorus events. The Aosta odeon would have been less suitable for spoken events buts till acceptable for music.
Acoustical scale model investigations
At the University of Ferrara ad etailed study wasm ade of the acoustics in different stages of development of the large theatre of Syracuse. From scale model investigations it wasfound that the different architectural layout of the theatre in the Greek and Roman periods has an influence on the acoustical parameters, and the reverberation time waslonger in the Roman theatre than in the previous Hellenistic theatre. This work is documented in twoMSc projects and one PhD project [9, 10, 11] .
Reconstruction of musical instruments, music, song, clothes and style of performance
The musical instruments that have been reconstructed are Kithara (a plugged string instrument), Aulos (a double wind instrument), Tympanon (a flat drum)a nd Scabellum (a percussion instrument operated by the foot). The instruments represent Roman times around 1st Century AD, although similar instruments were used also by the Greeks in earlier centuries. Three pieces of music in the antic style have been composed for the instruments and recorded in an anechoic environment. Adatabase on virtual people has been created, based on historical descriptions of clothes, shoes and hairstyle. The database consists of twelvevirtual actors from the Roman period, three actors from the Greek period and aset of virtual musicians. Forthe virtual audience acrowd rendering and animation machine has been developed. The method allows real-time rendering of thousands of animated virtual humans.
Visual VR reconstructions in computer models have been made for the Aspendos theatre and the Aphrodisias odeon. The models include details likec olumns and statues, texture to represent the building materials, the coffered ceiling in the odeon and the velarium for sun shielding overt he open air theatre. Over 150 different textures have been created to represent different surfaces in the buildings. The light conditions can be controlled using a virtual light probe to simulate anyposition of the sun and condition of the sky.
The visual simulations have been integrated with the acoustical simulations and anumber of animated scenarios have been produced, including sounds from the audience.
Other results from the ERATO project
In relation to restoration works on ancient theatres, newinformation has been provided concerning the acoustical importance of different parts of the ancient theatres and odea. In the Roman theatre the height of the skene building and the decoration with columns and statues are particularly important, buta lso the colonnade behind the audience is acoustically important. In the odeon the roof and the open windows are acoustically most important; however, it is not very likely that anyodeon will be fully restored with a newroof. 
spreads all round, and then is forced into the middle,whereitdissolves, the case-endings arenot heard, and it dies awaythereinsounds of indistinct meaning.The resonant aret hose in whichi tc omes into contact with some solid substance and recoils, thus producing an echo, and making the terminations of cases sound double."
The reflection called circumsonant seems to be the focusing effect from concave surfaces. Although the description is not very clear,itisobvious that the focusing effect increases the risk of echo problems.
Echo in the theatre
In order to study the possibility of echoes in atypical Roman theatre, the room acoustics software ODEON version 11 wasused. The theatre chosen for this study is the reconstruction of the Roman theatre in Aspendos, see Figure 3 .
With the source near the centre of the stage at aheight of 1.5 mabove the stage floor,the early reflections are shown for ar eceiverp osition in the orchestra in Figure 4 , and for ar eceiveri nar ear position to one side in Figure 5 . The focusing of reflections from the concave seating arrangement is clearly seen in Figure 4 , butthere are also reflections from the concave 'Diazoma' (horizontal passage between several rows of seats)v ia the canopya bove the stage, and late reflections from the colonnade surrounding the theatre. The calculated impulse response in the latter position shows aclear echo with adelay of ca. 125 ms, see Figure 6 .
In order to makei tp ossible to locate positions with echo problems, the echo criterion suggested by Dietsch and Kraak [12] has been implemented in ODEON version 11. As an example Figure 7s hows the echo-curvei nt he same position as the impulse response in Figure 6 . The echo parameter has av alue above 1.0, which means that more than 50% would evaluate this as ac learly audible echo when listening to speech.
The 'sounding vessels'
The purpose
The so-called sounding vessels described by Vitruvius have givenr ise to much speculation, because it is unclear what acoustical function theyc ould servei nat heatre. Theyw ere obviously acoustic resonators, butt oday we knowthat the effect can either be sound absorption or sound radiation, depending on the internal losses of the resonator.T he vessels in the theatre are mentioned several times by Vitruvius, In both quotations it is said that the purpose is to increase the clearness. Thus this is the opposite of creating reflections that might increase the reverberance. The description could makes ome sense if the vessels are meant for sound absorption. The position of the vessels should be under the seats, i.e. in the concave semicircle that can create focusing reflections, and thus the sound absorption by the vessels will attenuate the reflections that might cause an echo problem.
Today it is well known that sound absorption is possible with Helmholtz resonators. However, theya re only efficient in narrowf requencyb ands. So it also makes sense to apply different sizes with resonance frequencies distributed overt wo octaves, as described in detail by Vitruvius. This may correspond to the frequencyrange 220-880 Hz as suggested by Barba Sevillano et al. [13] ; this paper contains at horough analysis of the frequencies of the vessels in relation to the ancient Greek musical system developed by Aristoxenus.
Another remark from Vitruvius, that is interesting in this connection, is in [1, Book V. v.7] , where he says that there is no need for the sounding vessels in the wooden theatres that were built every year in Rome, because the boarding itself is resonant -"But when theatres areb uild of solid materials likem asonry, stone or marble,w hich cannot be resonant, then the principle of the 'echea'must be applied."Asweknowtoday,the lowfrequencyabsorption can be obtained with panel absorbers, which would be more efficient than the rather small number of Helmholtz resonators recommended by Vitruvius.
It is interesting to note that Vitruvius uses the word echea (ηχεια)w hich in modern Greek means al oudspeaker system. The sounding vessels were discussed in some detail by Izenour [14, p. 34 
The origin of the sounding vessels -Aristoxenus
Concerning the principle behind the sounding vessels and the musical scales used for the tuning, Vitruvius refers to the ancient Greek music theoretician and philosopher Aristoxenus [1, Book V. v.6]. He livedi nA thens around 350 BC, wasapupil of Aristoteles and wrote alarge number of treatises on topics within music, ethics and philosophy. His theory on musical scales wasi no pposition to the one by Pythagoras based on mathematical principles. Aristoxenus claimed that the superior evaluation of musical intervals should be made by the human ear.H es aid that we evaluate the size of the intervals by the ear,and the properties by the brain. In fact he suggested the equally tempered scale more than twot housand years before this scale became generally accepted in the 18th century.
Whered id they exist?
The evidence of the existence of sounding vessels in theatres is very sparse. Obviously Vitruvius has nevers een them himself, butherefers to [ [3] . The time and location of this theatre fit quite well with those of Aristoxenus, see above.
Izenour has described the existence of nine equally spaced cavities located behind the diazoma in the ruins of aRoman theatre in Beth Shean, Israel [14, p. 39-40] . Although the number should have been 13 according to Vitruvius, and not only nine, Izenour has shown in sketches howthe vessels might have been installed in the cavities.
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In 1958 some clay vessels were found when at heatre wase xcavated in Nora, Sardinia. The site wasv isited by Dr.Brüel, who made aphoto of the vessels together with other observations [15, p. 18] . However, he concludes that from the findings there is nothing making it likely,that the vessels have improvedt he acoustics of the theatre in any way.
So, the sounding vessels did actually exist in some theatres, butonly in very fewrare cases. In the vast majority of Greek and Roman theatres the sounding vessels were not used.
The sounding vessels, asummary
The idea of installing resonators in atheatre dates to Aristoxenos, i.e. to the early days of the Greek theatre. Although it theoretically could makes ome sense as am easure against the focusing of sound from the concave shape of the stone seats in atheatre, the very small amount of absorption that can be obtained in practice makes it clear,that the sounding vessels had no audible effect when installed in at heatre. It is clear that Vitruvius had no experience with theatre design, buti nh is work dealing with translation of old Greek treatises on building design he probably found the idea of the sounding vessels so fascinating, that he decided to promote it. However, as concluded in section 3, Vitruvius wasnot up-to-date in his book on theatre design, and therefore it is most likely that the architects responsible for the building of Roman theatres, odea and amphitheatres have simply ignored Vitruvius' advice concerning the sounding vessels.
Conclusion
The results from the ERATO project of the acoustical simulations in the reconstructed theatres and odea confirm the assumption, that theywere dedicated for different purposes. The theatres with very high clarity of sound were excellent for speech, whereas the odea with ahigher sound strength and more reverberant sound were excellent for song and music from weaker instruments liket he lyre or kithara. More information can be found in the final project report [8] and in the proceedings of the ERATO project symposium [16] . Detailed studies on the acoustics of ancient theatres are described in aP hD thesis by Farnetani [9] .
Echo problems can occur in certain places in the ancient theatres, particularly in the orchestra area due to the focusing effect of the concave shaped steps of seats. In this respect the diazoma is particularly important because of the higher wall, and this is precisely where the sounding vessels described by Vitruvius should be installed. It appears that the idea and the guidelines for the sounding vessels go back to Aristoxinus in the 4th century BC, in those days af amous scholar in music theory.F rom the description givenbyV itruvius, and the collection of information from excavated theatres where the vessels might have been installed, it is concluded that the sounding vessels could not possibly have made anyi mprovement to the acoustics in practice. It seems that Vitruvius' efforts to promote these ancient ideas for Roman theatres have been more or less ignored by those, who actually were responsible for designing and building the theatres.
